Platelet-free plasma of human blood (sodium citrate and EDTA as an anticoagulant) and serum were stored at 4˚C, room temperature (25˚C) and at 37˚C for 24 hours. RBC aggregation decreased after incubation of plasma and serum at 37˚C for 4 hours. The RBC shape was changed at the same time: discocytes transformed to echinocytes. Storage of plasma and serum at 4˚C and room temperature did not lead to significant alterations of RBC aggregation. The RBC shape did not change in influence of such plasma and serum. The most considerable decrease of RBC aggregation and change of their shapes were observed in the plasma and serum incubated at 37˚C for 24 hours. Dilution of incubated plasma by fresh plasma led to consistent restoration of erythrocyte shape and their aggregation.
Introduction
Human red blood cell (RBC) aggregation is determined by two types of biophysical and physicochemical factors: suspending phase properties and RBC properties [1, 2] . Plasma proteins, such as fibrinogen, α 2 -macroglobulin, and immunoglobulins play a crucial role in the RBC aggregation [3] [4] [5] . At the same time, an open question "what other plasma factors may influence directly or through a change in cellular properties on RBC aggregation" remains.
Uyuklu et al. [6] observed that long storage of human whole blood at room temperature resulted in change of RBC rheologic properties. At room temperature, RBC aggregation remained stable for at least four hours. Aggregation decreased after six hours and was 50% of control after 24 hours. It was also shown that after 2 hours of rat blood at room temperature, there was a significant decrease in RBC aggregation [7] . Also, in the alteration of RBC aggregation for blood containing the anticoagulant CPDA1 stored at 4˚C, the effect of the plasma factor was slightly stronger than that of the cellular factor [8] . It was shown that the shape plays a crucial role in the aggregation and sedimentation of red cells [9, 10] .
In the present study, we investigated the influence of human autologous plasma and serum after being stored for 24 hours at 4˚C, room temperature (25˚C) and at 37˚C, on the RBC aggregation and shape.
Materials and Methods

Blood Samples
Venous blood was obtained from 8 healthy donors into vacuum tubes containing K 2 -EDTA (5.4 mg/ml) or 3.2% sodium citrate (in а ratio 9:1) as an anticoagulant. Platelet-free plasma was separated by blood centrifugation at 3000 g for 20 min. Platelets and leukocytes were removed and RBC were washed three times with a physiological solution. To obtain serum, blood was collected into vacuum tubes do not containing anticoagulant. RBC were resuspended in plasma and serum, and the hematocrit was adjusted to 35 ± 0.5%. RBC aggregation in plasma and serum stored at 4˚C for 24 hours was not differed from aggregation of fresh RBC, which was determined immediately after vein puncture.
Laboratory Tests
2.3.1. Red Blood Cell Aggregation RBC aggregation was investigated using a rheoscope according to the method of Schmid-Schönbein et al. [11] in our modification [12] . Our modification enables us to study of RBC and platelets aggregation. The RBC were placed between two plane-parallel plates rotating in opposite directions. In the centre of the bottom plate there was a cylindrical excavation with a depth of 90 µm. A chamber was formed between the contact at the top and bottom plates. The RBC suspension was placed in this chamber. The system of integration of light flow was used for registration of the aggregation. The light flow was measured by photodiode with further registration by recorder from ring of camera radius.
The RBC aggregation was registered after hydrodynamic mixing and stop (i.e., at the absence of shear stress). The assessment maximal amplitude of aggregatogram (Ma, mm).
Red Blood Cell Shape
The erythrocyte shape was studied by means of light microscopy. The erythrocytes were fixed with 1% solution glutaraldehyde.
Statistical Analyses
Data are presented as mean ± standard error (SE). The results of this study were tested by using nonparametric statistics methods using the Mann-Whitney test and Wilcoxon matched pairs test. The aggregation of washed erythrocytes in fresh autologous plasma anticoagulated with sodium citrate did not differ from erythrocyte aggregation in fresh plasma anticoagulated with EDTA. RBC aggregation in fresh autologous serum showed 23% decrease in comparison with erythrocyte aggregation in citrated plasma and plasma anticoagulated with EDTA (Figure 1) . These results were in agreement with a previous study which indicated 40% decrease of RBC aggregation in fresh serum in comparison with RBC aggregation in plasma anticoagulated with EDTA [13] . values for human plasma citrate and EDTA stored up to 24 hours at 25˚C and 37˚C. The addition of plasma stored at room temperature for 4 hours and 24 hours did not lead to alteration of RBC aggregation. The RBC shape did not change under these conditions. The incubation of both plasmas even for 4 hours led to decrease of RBC aggregation (i.e., 30% and 21%, respectively) in comparison with erythrocyte aggregation in fresh plasma (Figures 2 and 3) . The study of RBC shape after incubated plasma for 4 hours detected the appearance of cell population with altered shape (echinocytes).
Results and Discussion
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The longer incubation of plasma (for 24 hours at 37˚C) resulted in most considerable decrease of RBC aggregation (more then 80%) (Figures 2 and 3) . The change of RBC shape was observed at the same time: almost all discocytes transformed to echinocytes (Figure 4) . Figure 5 shows RBC aggregation index "Ма" values for human serum were stored up to 24 hours at 25˚C and 37˚C. The addition of serum kept at room temperature for 4 hours and 24 hours did not lead to alteration of both RBC aggregation and shape. The addition of serum incubated at 37˚C for 4 hours detected a 22% decrease of erythrocyte aggregation in comparison with RBC aggregation in fresh serum. The RBC shape was also altered: discocytes transformed to echinocytes. The most considerable decrease of RBC aggregation (more then 70%) was observed in the serum incubated at 37˚C for 24 hours. The change of RBC shape analogous to the alteration of erythrocyte shape in incubated plasma was seen at the same time: almost all discocytes transformed to echinocytes (Figure 4) .
Our results indicate that the red blood cell aggregation in incubated at 37˚C plasma and serum was significantly decreased. The RBC aggregation in plasma and serum stored at room temperature did not differ from control. We found that the decrease of RBC aggregation in incubated plasma and serum was accompanied with the change shape: discocytes transformed to echinocytes. The mechanism of alteration of RBC aggregation in incubated at 37˚C plasma and serum of blood is unclear. It can be assumed that significant decrease of RBC aggregation connects with the appearance of active substances with an echinocytogenic effect. The experiments of dilution of incubated plasma by fresh plasma were carried out as the evidence of this supposition. The dilution of plasma in 50% restored the reduced erythrocyte aggregation (Figure 6 ). The dilution of incubated plasma in 80% by fresh plasma resulted in full restoration of RBC aggregation compared with control (p > 0.05).
It is known that in serum and plasma during incubation at 37˚C for 24 hours, the high concentration of lysophosphatidic acid (LPA) is produced [14] . Scanning electronic microscopic study revealed that LPA treatment induced surface changes, and alteration of normal discocyte shape into echinocytes [15] . In our study, we associated change of RBC shape with the LPA formation.
Reinhart et al. [9, 10] demonstrated that echinocytosis, induced by sodium salicylate and cytostatic mesna, led to 
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decrease of the RBC sedimentation rate and aggregation. We suppose that decrease of echinocytes aggregation associated with reduction of non-specific membrane binding for such blood proteins, as fibrinogen, α 2 -macroglobulin, and immunoglobulins. Carvalho et al. [16] demonstrated a significant decrease of the binding to fibrinogen with increase of the age of RBC. It is possible that redistribution of specific integrin-like receptors [17, 18] on the membrane surface plays an important role in mechanism of change of echinocyte aggregation. However, it cannot be excluded that echinocyte formation led to creation of regions with negative charge at echinocyte membranes. It is demonstrated that the discocyte-echinocyte shape transformation by lysolecithin and of ATP depletion alters the two-dimensional topography of negative charge sites RBC [19, 20] .
